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(C)  ABSTRACT 

Several  improved  processes  for  the  preparation  of  a  ballistic 
modifier  derived  in  this  laboratory  under  the  name  lead  stannate- 
TDI  (tolylene  diisocyanate)  reduced  (LSTR)  have  been  developed. 
Presented  are  the  parameters  of  time,  temperature,  and  concen¬ 
tration  of  reactants,  the  X-ray  diffraction  patterns  of  several  modi¬ 
fiers,  and  the  effects  of  catalysis  on  the  combustion  of  an  experi¬ 
mental  nitramine  plastisol  formulation. 

Also  included  in  the  report  >*  a  comparison  of  the  burning  rate 

characteristics  of  crosslinked  ar  uncrosslinked  compositions  con¬ 
taining  various  lead -based  modifiers. 

(C)  CONCLUSION 

Several  novel  methods  have  been  developed  to  improve  the  pre¬ 
paration  of  a  ballistic  modifier  that  is  highly  effective  in  producing 
near  plateau  and  mesa  ballistics  in  a  high  energy  smokeless  nitra¬ 
mine  plastisol  propellant  system. 


(C)  RECOMMENDATIONS 

It  is  recommended  that  the  manufacture  of  the  combustion  cata¬ 
lyst  described  in  this  report  be  adopted  for  use  in  high  energy  nitra¬ 
mine  double -base  propellants  in  which  smokelessness  and  combus¬ 
tion  reliability  are  essential. 

It  also  is  recommended  that  the  following  investigations  be  con¬ 
ducted: 


1.  A  study  of  the  pyrolysis  step  in  the  process  to  include  a 
properly  controlled  inert  atmosphere  as  well  as  the  use  of  reactive 
gases,  namely,  ammonia  and  hydrogen. 

2.  The  use  of  differential  thermal  analysis  as  a  technique 
for  monitoring  combustion  catalysis. 
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3.  A  study  of  the  combustion  products  of  modified  an  unmodi¬ 
fied  propellants  by  gas  chromatography  to  properly  understand  the 
mechanism  by  which  catalytic  activity  may  be  recognized. 
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(C)  INTRODUCTION 

The  combustion  catalyst,  lead  stannate-TDI  reduced  (LSTR) 

(Ref  1,2),  which  was  developed  a  few  years  ago  at  Picatinny  Arsenal 
was  extremely  effective  in  reducing  variations  in  burning  to  feasible 
temperatures  (160°  F  to  -40 ‘  F)  and  pressures  over  practical  pres¬ 
sure  ranges  when  used  in  an  experimental  high  energy  nitramine 
plastisoi  propellant.  Thus  far,  efforts  to  improve  the  burning  rate 
behavior  of  these  high  energy  propellants  with  ballistic  modifiers 
ordinarily  employed  in  double -base  systems  met  with  only  limited 
success  (Ref  4,  5).  There  is  no  basic  rule  for  determining  the  effect 
a  certain  catalyst  will  have  on  the  burning  characteristics  of  a  given 
propellant  system. 

With  the  advent  of  the  LSTR  modifier,  an  investigation  was  under¬ 
taken  to  determine  the  ingredient  responsible  for  ballistic  modifi¬ 
cation. 


(C)  RESULTS  AND  DISCUSSION 

In  an  attempt  to  attain  a  reasonable  degree  of  understanding  of 
combustion  catalysis,  an  improved  method  of  manufacture  of  the 
catalyst,  lead  stannate-TDI  reduced  (LSTR,  was  developed. 

In  the  more  recent  past,  a  process  had  been  devised  which  was 
based  on  the  assumption  that  a  specific  "complex"  between  lead  stan- 
nate  and  2,  4-tolylene  diisocyanate  was  essential  in  the  preparation 
of  the  LSTR  modifier.  The  process  was  not  without  certain  draw¬ 
backs  since  it  required  accurate  control  of  the  organic  component  of 
the  "complex"  to  insure  a  successful  product.  However,  since  the 
stoichiometry  of  a  complex  compound  is  firmly  established,  it  was 
logical  to  conclude  that  the  organic  portion  also  was  an  established 
quantity.  With  this  in  mind,  it  was  believed  that  what  was  actually 
pyrolyzed  possibly  was  a  mixture  of  lead  stannate  and  mixed  ureas 
emanating  from  the  reaction  of  TDI  and  water  present  in  the  system, 
rather  than  the  complex  of  lead  stannate-TDI. 
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To  investigate  this  possibility,  solid  ureas  were  prepared  by 
simply  reacting  TDI  with  an  excess  of  aqueous  acetone  solution.  The 
white  solid  obtained,  which  does  not  melt  below  300°  C,  probably  is 
a  mixture  of  ureas  and  the  corresponding  biurets  that  can  be  expected 
from  a  difunctional  isocyanate.  This  material,  which  for  convenience 
will  be  referrred  to  as  Solid  I,  was  pyrolyzed  with  lead  stannate  un¬ 
der  varying  conditions  of  temperature  and  concentration  relative  to 
the  metal  oxide.  Each  of  the  products  was  formulated  in  an  experi¬ 
mental  nitramine  propellant  as  shown  in  Table  1.  The  cured  grains 
were  tested  in  the  strand  burner  apparatus  to  determine  their  burning 
characteristics  over  a  wide  pressure  range.  The  results  of  this  study 
are  presented  in  Tables  2,  3,  and  4.  The  burning  rate  curves  of  the 
various  modified  compositions  are  shown  in  Figures  1  through  14. 

Examination  of  the  data  reveals  unequivocally  that  Solid  I  when 
pyrolyzed  with  lead  stannate  yields  a  product  possessing  extremely 
effective  ballistic  properties  in  the  formulation  studied.  Equally  im¬ 
portant,  however,  is  the  fact  that  a  surprisingly  wide  range  of  experi¬ 
mental  conditions  in  the  preparation  of  the  pyrolyzed  product  can  be 
permitted  without  significantly  altering  the  combustion  characteristics 
of  the  propellant.  The  results  are  particularly  encouraging  since  the 
LSTR  catalyst  prepared  by  the  original  method  necessitates,  as  said 
above,  rather  precise  control  in  its  fabrication.  As  little  as  5%  of 
Solid  I  is  effective  in  producing  a  catalyst  that  will  lower  the  pressure 
exponent  significantly  in  the  800  to  1600  psi  region  from  0.81  to  0.10 
as  well  as  increase  the  burning  rate  from  0.21  to  0.  39  in.  /sec  at 
1000  psi.  Higher  concentrations  of  Solid  I  improve  these  character¬ 
istics  only  slightly.  A  wide  range  of  pyrolysis  temperatures,  i.  e. , 
350° C  to  550°  C  (Table  2),  as  well  as  pyrolysis  times,  i.e.,  30  min¬ 
utes  to  120  minutes  (Table  3),  can  be  used  to  produce  effective  cata¬ 
lysts. 

Representative  X-ray  diffraction  patterns  of  the  modifiers  are 
shown  in  Figures  15  through  19.  They  reveal  without  exception  the 
presence  of  stannic  oxide,  lead  oxide,  and  lead  in  varying  amount-, 
depending  on  experimental  conditions.  Elemental  lead  was  iuentified 
also  by  differential  thermal  analysis.  A  typical  thermogram  of  a 
modifier  is  shown  by  Figure  20, On  the  basis  of  tne  analytical  data, 
it  is  conjectured  that  the  reduction  of  lead  stannate  to  probably  finely 
divided  lead  may  be  the  key  toward  eventually  understanding  ballistic 
modification  of  lead  compounds. 
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To  farther  extend  this  process  to  encompass  other  materials, 
a  series  of  mixed  oxides  of  lead  and  tin  was  substituted  for  lead  stan- 
nate.  Mixtures  of  yellow  lead  oxide  (PbO)  and  stannic  oxide  (SnC>2). 
in  concentrations  ranging  from  10%  to  90%  PbO,  were  pyrolyzed 
with  Solid  I  at  350“  C  to  400°  C  and  at  500“  C  to  550°  C.  The  results 
of  this  study  are  presented  in  Table  5.  Burning  rate  curves  of  the 
various  modified  propellants  are  graphically  represented  in  Figures 

21  through  36.  Observation  of  the  data  clearly  indicates  that  there 
is  some  improvement  of  the  pressure  index  in  800  to  1600  psi  region. 
However,  products  derived  from  the  pyrolysis  of  mixed  oxides  are 
by  far  inferior  to  the  products  obtained  from  the  pyrolysis  of  lead 
stannate.  The  presence  of  elemental  lead  was  detected  in  all  cas^s 
also  by  X-ray  diffraction.  At  the  higher  pyrolysis  temperatures, 
formation  of  metallic  globules  of  lead,  with  high  concentrations  of 
lead  oxide,  was  evident,  while  agglomeration  did  not  occur  at  the 
lower  pyrolysis  temperatures. 

Attempts  were  made  to  investigate  other  combustible  materials 
in  order  to  simplify  the  process  further.  However,  only  slight  im  - 
provements  in  the  burning  characteristics  of  the  propellant  composi¬ 
tion  were  observed  when  using  modifiers  derived  from  the  pyrolysis 
of  lead  stannate  with  graphite,  charcoal,  or  urea  instead  of  -<>lid  i. 

The  method  of  preparation  of  the  LSTR  catalyst,  which  consists 
essentially  of  a  pyrolyzed  mixture  of  lead  stannate  and  mixed  ureas 
formed  by  the  reaction  of  TDI  and  water  (Solid  I),  suggested  the  use 
of  analogous  compounds.  Consequently,  the  following  ureas  were 
tried:  Urea  per  se,  phenyl  urea,  diphenyl  urea,  and  diethyl  diphenyl 
urea  (commonly  known  as  ethyl  centralite).  Each  pyrolysis  prmUni 
which  subsequently  will  be  designated  as  the  catalyst  - -then  was  loi  am 
lated  into  an  experimental  nitramine  plastisol  propellant  composition 
(Table  1). 

The  results  of  the  investigation  presented  in  Table  6  reveal  that 
urea  compounds,  in  general,  produce  excellent  modifiers  if  pyrojv 
with  lead  stannate.  With  the  exception  of  urea  itself,  all  of  the  c<. im¬ 
pounds  studied  give  good  plateau  ballistics  in  the  300  to  1600  p&i  re¬ 
gion.  It  also  is  evident  that  catalytic  activity  increases  as  the  degivt 
of  substitution  on  the  nitrogen  atom  rises.  The  burning  rate  cur\ts 
of  the  propellants  containing  the  various  modifiers  are  shown  in  Fig¬ 
ures  37  through  41. 
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In  order  to  establish  whether  or  not  the  isocyanate  function  also 
is  effective  in  producing  good  catalysts  on  direct  pyrolysis  with  lead 
stannate,  several  commercially  available  diisocyanates  were  exam¬ 
ined.  Each  pyrolysis  product  was  formulated  into  the  same  experi¬ 
mental  nitramine  propellant  composition  (Table  1).  The  cured  grains 
were  tested  in  the  strand  burner  to  determine  the  burning  rate  and 
pressure  index  from  200  to  3000  psi.  The  results  of  this  investiga¬ 
tion  are  shown  in  Table  7.  The  burning  rate  curves  of  the  propellant 
compositions  containing  the  various  modifiers  are  illustrated  in  j? fig¬ 
ures  42  through  46. 

The  data  clearly  indicates  that  effective  catalysts  also  can  be  pro¬ 
duced  by  direct  pyrolysis  of  cmsocyanates  with  lead  stannate.  In  all 
cases,  excellent  plateau  burning  results  were  realized  in  the  800  to 
1600  psi  region,  in  which  the  pressure  index  ranged  from  0.08  to  0.  l‘b 
The  burning  rate  at  1000  psi  was  0.36  in.  /sec  to  0.43  in.  /sec  com¬ 
pared  with  0.29  in.  /sec  for  the  propellant  composition  containing  ut« 
pyrolyzed  lead  stannate  as  the  modifier. 

In  view  of  the  preceding  study,  it  is  conceivable  that  the  presence 
of  TDI  as  a  crosslinking  agent  might  improve  the  burning  character¬ 
istics  of  the  propellant  if  it  is  used  in  compositions  containing  modi¬ 
fiers  of  the  lead  oxide  type.  Therefore,  a  series  of  experiments  v. 
carried  out,  in  which  a  nitramine  plastisol  propellant  composition 
(Table  8),  modified  with  various  lead  oxides,  was  formulated  with 
and  without  TDI.  The  combustion  properties  of  each  composition,  a.-? 
derived  from  strand  burner  data,  are  summarized  in  Table  9. 

In  general,  the  presence  of  the  crosslinker  has  an  erratic  effect  on 
the  pressure  exponent.  This  phenomenon  was  not  observed  in  a  previ¬ 
ous  investigation  with  mixed  oxides  of  lead  and  tin  (Ref  3).  In  the  case 
of  the  formulation  with  lead  stannate  modifier,  the  pressure  exponent 
in  the  pressure  region  of  800-1400  psi  was  significantly  higher  with 
the  crosslinker  present.  Since  a  pyrolyzed  mixture  of  TDI  and  lead 
stannate  (LSTR  modifier)  produces  an  excellent  ballistic  modify  . 
one  would  expect  the  addition  of  previously  unpyroly;  TDT  and  i>  t  i 
stannate  to  give  similar  modification  effects.  However,  the  cornliua 
tion  properties  of  propellant  in  the  formulation  of  vhich  unpyrob  o-d 
components  are  present  results  in  unsatisfactory  modification.  In 
the  case  of  lead  oxide  (PbO),  lead  sesquioxide  (Pb2C>3),  and  lead 
tetraoxide  (Pb304),  the  opposite  effect  is  observed.  Lower  burn¬ 
ing  rate  slopes  are  obtained  with  the  orosslinked  formulations  in  th< 
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800-1400  psi  region.  The  crosslinked  propellant  containing  lead  di¬ 
oxide  (Pb02)>  on  the  other  hand,  gives  unique  burning  characteristics 
over  the  whole  pressure  range.  A  comparison  of  the  burning  rate 
curve  of  ihs  crosslinked  and  uncrosslinked  propellant  is  shown  in 
Figure  47. 

Formulations  with  the  LSTR  catalyst  give  mesa  pressure  slopes 
without  the  crosslinking  agent,  and  only  plateau  ballistics  with  the 
crosslinker  present  over  the  8J0-1600  psi  region.  A  comparison  of 
the  burning  rate  curves  with  and  without  crosslinker  present  is  shown 
in  Figure  48. 

With  propellant  containing  the  mixed  oxide  modifier,  lead  sesqui- 
oxide-stannic  oxide  (30/70),  there  are  slightly  less  favorable  burning 
properties  of  the  crosslinked  propellant  system  evident.  The  burning 
rate  curves  of  crosslinked  and  uncrosslinked  formulations  are  shown 
graphically  in  Figure  49. 


(C)  EXPERIMENTAL 


General 


The  propellants  were  prepared  in  fifty-gram  batches  in  polyethy¬ 
lene  cups.  They  were  thoroughly  mixed  by  hand  with  wooden  applica¬ 
tors,  cast  into  appropriate  molds,  and  cured  overnight  in  the  oven  ai 
60°  C. 

The  cured  strands  "were  tested  in  the  Crawford  strand  burner  to 
determine  the  burning  rate  over  a  wide  pressure  range. 

Preparation  of  the  Catalyst  by  Pyrolysis 

A  given  weight  ratio  of  metal  oxide  to  organic  material  is  mi-- 
thoroughly  and  then  transferred  to  an  aluminum  container  (1  1/2' 
high  x  3  l/2"  dia),  which  is  covered  with  aluminum  foil.  The  foil  i.. 
slit  in  5  to  6  places,  and  the  container  is  placed  in  the  muffler  furr= 
ace  with  the  door  ajar  and  the  temperature  between  5O0°C  to  550 V, 
When  the  initial  reaction  is  completed  (  i.e.,  smoke  is  no  XongCi 
evolved)  the  container  is  removed  from  the  oven  and  quickly  cover*--* 
with  aluminum  foil  (DO  NOT  EXPOSE  TO  AIR  UNNECESSARILY). 

The  sealed  container  is  replaced  into  the  furnace.  After  heating  a* 
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500°  C  to  550 °C  for  one  hour,  the  container  is  again  removed  and 
the  contents  are  allowed  to  cool  overnight  without  exposure  to  air. 
Finally,  the  pyrolyzed  mixture  is  sifted  through  a  No.  325  mesh 
screen. 

Preparation  of  TDI-Urea  Compound  (Solid  I) 

To  a  three  liter  beaker  containing  350  ml  of  water  and  500  ml  of 
acetone  is  added  112  grams  of  2,4-tolylene  diisocyanate.  The  mix¬ 
ture  is  stirred  slowly  during  the  addition  of  the  diisocyanate  to  pre¬ 
vent  excessive  foaming.  After  standing  for  one -half  hour  with  oc¬ 
casional  stirring,  the  mixture  is  filtered.  The  solid  is  washed  several 
times  with  acetone  and  then  air -dried.  Finally,  it  is  dried  in  the  oven 
at  100°  C  to  constant  weight,  which  is  approximately  95  grams. 
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TABLE  1  (C) 

Experimental  nitramine  plastisol  formulation  (U) 


Ball  powder  (19800) 

18.50% 

Ball  powder  (Quick  Gel -21 61) 

1.00% 

HMX  (705-screened) 

30.00% 

Casting  solvent  X 

46.50% 

Modifier 

4.  00% 
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Control  plastisol  propellant  without  modifier 
Control  plastisol  propellant  with  PbSnO,  as  modifier 
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Control  plastisol  propellant  without  modifier 
Control  plastisol  propellant  with  PbSnO  as  modifier 


Properties  of  nitraraine  plastisol  propellant  based  on  pyrolyzed  Pb/Sn02modifiers  (C) 
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Control  plastisol  propellant  without  modifier 

Control  plastisol  propellant  with  lead  stannate  as  modifier 
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TABLE  8  (C) 


Nitramine  (HMX-40%)  plastisol  propellant  formulation  (U) 


Uncrosslinked 

Crosslinked 

Wt,  gms 

Wt,  gms 

Ball  Powder  Lot  19800 

11.90 

11.90 

HMX  (2) 

40.00 

40.00 

Casting  Solvent  MX"a 

44. 10 

44.10 

Ballistic  Modifier 

4.00 

4.00 

2,4-Tolylene  diisocyanate  (added) 

1.50 

Resorcinol  (added) 

0.50 

Composition  of  casting  solvent 

Ethylene  glycol  dinitrate  ,  65% 
Butanetriol  trinitrate  ,  34% 
2-Nitrophenylamine  ,  1  % 
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Burning  characteristics  of  crosslinked  and  uncrosslinked  HMX  (40%)  plastisol  propellants  containing 

various  lead  oxide  modifiers  (U)  & 
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CONFIDENTIAL 


Pressure,  100  poi 


Fig  1 


(U)  Burning  rate  curve  of  HMX  (30%)  plastisol 
propellant  containing  pyrolyzed  PbSnO  / 
Solid  I  modifier  (Table  2,  Run  1)  (C) 
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Pressure,  100  poi 


Fig  2  (U)  Burning  rate  curve  of  HMX  (30%)  plastisol 

propellant  containing  pyrolyzed  PbSnCL/ 
Solid  I  modifier  (Table  2,  Run  2)  (C) 
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Pressure,  100  pel 


Fig  3  (U)  Burning  rate  curve  of  HMX  (30%)  plastisol 

propellant  containing  pyrolyzed  PbSnO  / 
Solid  I  modifier  (Table  2,  Run  3)  (C) 
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Fig  5  (TJ)  Burning  rate  curve  of  HMX  (3t»%)  piastisol 
propellant  containing  pyrolyzed  PbSnO,/ 
Solid  I  modifier  (Table  3,  Run  1)  (C) 


22 


PE 


tr 


CONFIDENTIAL 


oou/uT 


CONFIDENTIAL 


mTHiimg 


|^"^[S:il|HSSni.;l!iLr:  : : in : *" 

jUn::::';  TF L|  :3.;i  : \.VT . 

>taia>»«*lia'f>'i-«<  >  «  »  I  »  r«  *  a  *  *  —  •  •- 

w  taat  vaa-aaa*  ••  ---f  - 


E^!a^a" «  i”a'aaa!'ia>'n"|  >  j  -  »  71^1-  - n«a-a»^-aa-aa>a-llam  mu  tint  »aaaii|.M<i  •- 

.  . -i  .»-.».»«a«.aa.»-»  *-»-  -  ,  .  a  aa.-a.a....a  ........ii»»a».«  a.»aa»»...arfl.— aiawa  .»  >*«»»  —  *  •  (a-aaiiaa^a  -  —  »  * 


.5  jS'  .8  1 


3  4  5  6  8  10 

Pressure,  100  pal 


Fig  6  (U)  Burning  rate  curve  of  HMX  (30%)  plastisol 

propellant  containing  pyrolyzed  PbSnO^/ 
Solid  I  modifier  (Table  3,  Run  2)  (C) 
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Pressure,  100  poi 


Fig  7  (H)  Burning  rate  irve  of  HMX  (30%)  piai-tisoi 

propellent  containing  pyrolyzed  PbSnO  / 
Solid  I  modifier  (Table  3,  Run  3)  (C)  3 
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Rato,  in/sec 


* 

CONFiDENTIAL 


Pressure,  100  poi 


Fig  8  (U)  Burning  rate  curve  of  HMX  (30%)  plastisol 

propellant  containing  pyrolyzed  PbSnO.,/ 
Solid  I  modifier  (Table  3,  Run  4)  (C) 
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5  6  &  10 
Prossura,  100  poi 


Burning  rate  curve  of  HMX  (30^)  piastisol 
propellant  containing  pyrolyzed  PbSnOj/ 
Solid  I  modifier  (Table  4,  Run  1)  (C) 
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Pressuro,  100  poi 


Fig  10  (U)  Burning  rate  curve  of  HMX  (30%)  plastisol 

propellant  containing  pyrolyzed  PbSnO^/ 
Solid  I  modifier  (Table  4,  Run  2)  (C) 
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Fig  11  (U)  Burning  rate  curve  of  II MX  (30%)  piastisol 

propellant  containing  pyrolyzcd  PbbnO  / 
Solid  1  modifier  (Table  i,  Run  3)  (C) 
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Fig  13  (U)  Burning  rate  curve  of  HMX  (30%)  plastisol 
propellant  containing  pyrolyzed  PbSr.O-/ 
Solid  I  modifier  (Table  4,  Run  5)  (C) 
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Fig  14  (U)  Burning  rate  curve  of  HMX  (30%)  plastisol 

propellant  containing  pyrolyzed  PbSnO„/ 
Solid  I  modifier  (Table  4,  Run  6)  (C) 
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Diffraction  Angle,  20° 

Fig  16  (U)  Diffraction  pattern  of  catalyst  from  pyrolysis 

of  lead  stannate  with  15%  Solid  I  (C) 
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Diffraction  Angle,  28 


Diffraction  pattern  of  catalyst  from  pyrolysis 
of  lead  st annate  with  30%  Solid  I  (C) 
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Diffraction  of  catalysts -lead  stannate 
Solid  I-p-'Tolyzed  at  400 ‘C  and  500 ’C 
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Thermogram  of  a  catalyst  produced  by  pyrolysis  of 
lead  stannate  and  Solid  I  (C) 


Fig  21  (U)  Burning  rate  curve  of  HMX  (30%;  plastisoi 

propellant  containing  pyrolyzed  PbO/SnO^ 
modifier  (Table  5,  Run  1)  (C) 
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Fig  22  (U)  Burning  rate  curve  of  HMX  (30%)  plastisol 

propeliant  containing  pyrolyzed  PbO/SnO? 
modifier  (Table  5,  Run  2)  (C) 
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Pressure,  100  poi 


Fig  23  (U)  Burning  rate  curve  of  HMX  (3 0?)  plastisol 

propellant  containing  pyrolyzed  PbO/SnO^ 
modifier  (Table  5,  Run  3)  (C) 
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Prossuro,  ICO  pai 


Fig  24  (U)  Burning  rate  curve  of  HMX  (30%)  plastisol 

propellant  containing  pyrolyzed  PbO/SnO^ 
modifier  (Table  5,  Run  4)  (C) 
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Pressure,  100  pal 


|  Fig  25  (U)  Burning  rate  curve  of  HMX  (3Uv-)  piastis^i 

|  propellant  containing  pyrolyzed  PbQ/SnO., 

|  modifier  (Table  5,  Run  5)  (C) 
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Fig  26  (U)  Burning  rate  curve  of  HMX  (30%)  plastisol 

propellant  containing  pyrolyzed  PbO/SnO^ 
modifier  (Table  5,  Run  6)  (C) 
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.5  J>  .8  X  2  34  5  6  3  10  20  30 

Pressure,  100  poi 


Fig  27  (U)  Burning  rate  curve  of  HMX  (3v% )  piastisoi 

propellant  containing  pyrolyzed  PbO'SnO,, 
modifier  (Table  5,  Run  7)  (C) 
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Fig  28  ILF)  Burning  rate  curve  of  HMX  (30%)  plastisol 
propellant  containing  pyrolyzed  PbO/SnCK 
modifier  (Table  5,  Hun  8)  (C) 
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Fig  29  (U)  Burning  rate  curve  of  HMX  (30%)  plastisol 

propellant  containing  pyrolyzed  P'b0/Sn0_ 
modifier  (Table  5,  Run  9)  (C) 
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Pressure,  100  pai 


Pig  30  (U)  Burning  rate  curve  of  HMX  (30%)  plastisol 

propellant  containing  pyrolyzed  pbO/SnO., 
modifier  (Table  5,  Run  10)  (C) 
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Pressure,  100  psi 


Fig  31  (U)  Burning  rate  curve  of  HMX  (30%)  piastisoi 

propellant  containing  pyrolyzed  PbO/SnO, 
modifier  (Table  5,  Run  11)  (C)  ’ 
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Fig  32  (U)  Burning  rate  curve  of  HMX  (30%)  plastisol 

propellant  containing  pyrolyzed  PbO/SnO_ 
modifier  (Table  5,  Run  12)  (C)  '' 
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Fig  34  (U)  Burning  rate  curve  of  HMX  (30%)  plastisol 

propellant  containing  pyrolyzed  PbO/SnO 
modifier  (Table  5,  Run  14)  (C) 
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>'!g  35  (U)  Burning  rate  curve  of  HMX  (30%)  piastisoi 

propellant  containing  pyroiyzed  PbO/.SnCL 
modifier  (Table  5,  Run  15)  (C) 
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Fig  36  (U)  Burning  rate  curve  of  HMX  (30%)  plastisol 

propellant  containing  pyrolyzed  PbO/SnO., 
modifier  (Table  5,  Run  16)  (C) 
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Fig  37  (U)  Burning  rate  curve  of  HMX  (30%)  plastisol 

propellant  containing  pyrolyzed  PbSnO  / 
urea  modifier  (Table  6,  Run  1)  (C) 
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Fig  38  (U)  Burning  rate  curve  of  HMX  (30%)  plastisol 

propellant  containing  pyrolyzed  PbSnO^/ 
phenyl  urea  modifier  (Table  6,  Run  2)  (C) 
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Preaouro,  100  pal 


Fig  39  (U)  Burning  rate  curve  of  I-IMX  (30%)  plastisol 

propellant  containing  pyrolyzed  PbSn03/ 
diphenyl  urea  modifier  (Table  6,  Run  3)  (C) 
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3  3  h  5  6 

Pressure,  100  psi 


Fig  40 


(U)  Burning  rate  cui’ve  of  HMX  (30%)  plastisol 
propellant  containing  pyroiyzed  PbSnOj/ 
ethyl  centralite  modifier  (Table  6,  Run  4)  (c) 
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?ra3sure,  100  poi 


Fig  41  (U)  Burning  rate  curve  of  I-IMX  (30%)  plastisol 

propellant  containing  pyrolyzed  PbSn03/ 
TDI-urea  modifier  (Table  6,  Run  5)  (C) 
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Fig  42  (U)  Burning  rate  curve  of  HMX  (30%)  plastisol 

propellant  containing  pyrolyzed  PbSnC^/ 
hexamethylcne  modifier  (Table  7,  Run  1)  (C) 
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Preasure,  100  pai 


Fig  44  (U)  Burning  rate  curve  of  HMX  (30%)  plastisol 

propellant  containing  pyrolyzed  PbSn03/ 
10%TDI  modifier  (Table  7,  Run  3)  (C) 
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Pressure,  .iCC 


Fig  45  (U)  Burning  rate  c.rve  of  KiVL\  (:-(•  >)  ^iastu; 

propellant  containing  py  roly  zee  PbSnQj/ 
l5"o  TDI  modifier  (fable  7,  Run  1)  (C) 
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Fig  -A/  (U)  Burning  rate  curve  of  HMX  (40%)  plastisol  propellant  with  lead  dioxide  modifier  (C) 


Fig  49  (U)  Burning  rate  curve  of  HMX  (40%)  plastisol  propellant 
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